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Whole-genome sequencing (WGS)
reveals the genome of an individual

including both rare mutations and genes that
have a role in the expression of common
medical conditions. The rapid development
of WGS has substantially reduced both the
cost and the time required to sequence an
entire human genome. The availability of
WGS is likely to change the current practice
of both paediatric medicine and research by
facilitating more accurate, sophisticated and
cost-effective genetic testing.1 WGS also
reveals findings with clinical significance
that are not within the scope of the original
paediatric research objectives. This raises the
ethical question of whether to return such
WGS findings.

Our purpose in this statement is to exam-
ine how to respect the ‘best interests of the
child’ – ‘a primary consideration’2 – as well
as the right of the child to voice his or her
opinion3 in the particular context of
paediatric research using WGS. In the text
below, we will use the term WGS results to
include both research results per se (ie within
the objectives of the project) and ‘incidental’

findings that are revealed via WGS. Our
background reflections cover both existing
and emerging guidance, approaches for the
testing of adults, and relevant laws, before we
propose our recommendations.

EXISTING GUIDANCE

General criteria
At a general level, publically accessible lay
summaries of general research results for
research participants are increasingly the
norm. More specifically, when the research
project involves young children, these general
results should be offered to the parents or
guardians. When the research project
involves adolescents, general results should
also be offered to them in a manner appro-
priate to their level of development, compre-
hension and maturity.

Communication of all individual WGS
results, however, including those revealing
possible adult predisposition or those of
uncertain clinical significance, could lead to
the over-prescribing of tests and create undue
parental anxiety. There are also potential
psychological harms such as alteration of

self-image, distortion of parental perception
of the child, increased anxiety and guilt,
familial stress related to the identification of
other at-risk family members, difficulty
obtaining life and/or disability insurance,
and the detection of non-paternity.4,5 Yet,
WGS may well reveal scientifically validated
results with clinical utility that are medically
actionable during childhood and thus would
benefit the individual child. In all situations,
and taking the specific context into account,
the child’s best interests should guide
decision making.6

The release of WGS information is also
complicated by the fact that children mature
as they grow older and thus become more
autonomous in their decision-making abil-
ities. The mechanism for recognizing this in
the research context is requiring assent from
the child according to the degree and level of
his or her maturity.7 This is how the child
can be involved and engaged in the decision-
making process.8,9

Generally, professional guidance on the
communication of genetic information has
favoured waiting until the child is capable of
understanding its nature and consequences,
including familial consequences. Accordingly,
at maturity, a child could decide to undergo
genetic testing or not. But today, with the
arrival of WGS, we are faced with the issues of
which WGS results should be communicated
(or not) before the child reaches the age of
majority as well as the familial consequences.

Specific criteria
The 2005 European Additional Protocol to the
Convention on Human Rights and Biomedi-
cine, concerning Biomedical Research10 states
that a condition for undertaking research
with a child unable to consent is that ‘the
results of the research have the potential to
produce real and direct benefit to his or her
healthy[unless]ythe ultimate attainment of
resultsy[confers] benefityto other persons
in the same age category or afflicted with the
same disease or disorder’ (art. 15). The latter
‘benefit to others’ serves as an exemption to
the direct benefit requirement. Nevertheless,
even if the research meets the ‘benefit to
others’ requirement, it still must present only
a minimal risk and a minimal burden to the
child participant. This is important because
the Additional Protocol targets clinical
research, where as in the genetic research
context, the nature of the risks and burdens
are different.

Indeed, for genetic testing for health pur-
poses, it is instructive to note that this
accepted research exemption to the direct
benefit criterion is absent. Article 10 of the
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2008 Additional Protocol Concerning Genetic
Testing for Health Purposes11 mandates that
‘a genetic test on a person who does not have
the capacity to consent may only be carried
out for his or her direct benefity[and]
where, according to law, a minor does not
have the capacity to consent, a genetic test on
this person shall be deferred until attainment
of such capacity unless that delay would
be detrimental to his or her health or
well-being.’

Further, consistent with the recognition of
both the familial nature of genetic testing and
the possible needs of family members, this
same Protocol also states that ‘exceptionally,
and by derogation from the provisions
ofyarticle 10ythe law may allow a genetic
test to be carried out, for the benefit of family
members, on a person who does not have the
capacity to consent, if some specific condi-
tions are mety[they include tests]yto
allow the family member(s) concerned to
obtain a preventive, diagnostic or therapeutic
benefit that has been independently evaluated
as important for their healthy[and if] the
expected benefit has been independently
evaluated as substantially outweighing the
risk for private life that may arise from the
collection, processing or communication of
the results of the test’ (art. 13). This position
recognizes the notion of familial interests as a
consideration in determining the child’s best
interests.

More recently, the European Society of
Human Genetics (ESHG) published its Prin-
ciples for Good Practice in Paediatric Bio-
banks,12 which provided guidance on the
return of results to minors in the specific
context of biobanks. The Principles stated that
‘[t]he right of parents to receive or not receive
genetic information about their children is
limited.’4,5 But, ‘[i]n the rare case that
information about a preventable or treatable
early-onset disease is found, [parents] should
be notified regardless of their wishes provided
the findings are subject to assessment of
clinical validity and utility.’6

At the national level, the 2010 British
Society for Human Genetics Report on the
Testing of Children, making no distinction
between the research and clinical contexts,
recommended against both predictive
and presymptomatic genetic testing. ‘[I]n
such circumstances testing should normally
be delayed until the young person can
decide for him/herself when, or whether to
be tested.’13 Similarly, the 2012 Canadian Best
Practices for Research Involving Children
and Adolescents: Genetic, Pharmaceutical,
and Longitudinal Studies14 maintained that
‘individual research results and incidental

findings should be communicated (1) if
they are scientifically valid, (2) if they have
significant implications for the health of the
child or adolescent, and (3) if a treatment or
method of prevention is available during
childhood or adolescence’ (chapter 8).

EMERGING GUIDANCE

In 2013, both the American Academy of
Pediatrics and the American College of
Medical Genetics and Genomics provided
both a Policy Statement on the Ethical and
Policy Issues in Genetic Testing and Screening
of Children4,5 and a Technical Report: Ethical
and Policy Issues in Genetic Testing and
Screening of Children.5 This Policy
Statement, as well as the Technical Report,
reaffirmed that decisions about offering
genetic testing and screening should be
driven by the best interests of the child. It
went on to support the traditional
professional recommendations to defer
genetic testing for late-onset conditions
until adulthood.

Yet, the Technical Report also stipulated
that ‘predictive genetic testing may be appro-
priate in limited circumstancesy. In decid-
ing whether a child should undergo
predictive genetic testing for late-onset con-
ditions, the focus must be on the child’s
medical best interests; however, parents and
guardians may also consider the potential
psychosocial benefits and harms to the child
and the extended family.’ Thus, it conceded
‘[e]xtending consideration beyond the child’s
medical best interestyrecogniz[ing] that the
interest of a child is embedded in and
dependent on the interests of the family unit.’
It concluded that ‘[a]fter careful genetic
counselling, it may be ethically acceptable
to proceed with predictive genetic testing to
resolve disabling parental anxiety or to sup-
port life-planning decisions that parents
sincerely believe to be in the child’s best
interest.’

This recognition of the possible legitimacy
of familial and reproductive interests thus
broadened the narrow ‘paediatric-actionabil-
ity’ criterion. Not long thereafter, however,
the American College of Medical Genetics
and Genomics adopted a more radical and
controversial position. It mandated obliga-
tory testing of a panel of 57 reportable
genetic conditions by laboratories undertak-
ing WGS irrespective of whether adults or
children are involved or of any personal
parental choice other than to not have the
indicated test at all.15,16

Additionally, some authors have also sug-
gested that paediatric researchers have a
‘limited responsibility’ to disclose certain

genomic research findings.17 This includes
findings ‘of genetic variants with known,
urgent clinical significance’ for the child.
The criteria for what constitutes ‘urgent
clinical significance’ include clear and direct
benefit for the child and that the benefit
outweighs the potential risks for
psychological and social harm.

Other considerations include the fact that
‘[r]esearchers already have been able to help
clinicians aid some children born with rare
birth defects by sequencing and analysing
their whole genomes to diagnose and treat
their illnesses.’ Such ‘medical’ sequencing,
while justified for treatment purposes, still
raises concerns ‘with regard to fully informed
decision making’ since ‘whole-genome
sequence data obtained from a minor already
could have been widely shared before the
minor reached an age at which they could
determine preferred data sharing limits
themselves, thereby decreasing their auton-
omy.’18 Further, the emergence of paediatric
longitudinal biobank studies further
complicates the WGS issues surrounding
the return of results as asymptomatic
children may be enrolled at birth.19

APPROACHES FROM ADULT TESTING

As WGS enters both paediatric research and
even clinical practice for children with rare
disorders, some lessons can also be drawn
from the use of WGS in research involving
adults. A number of approaches have sought
to limit the amount of unsolicited informa-
tion revealed. First, filters can restrict testing
by the laboratory to only the research results
actually sought. Second, binning regroups
results into categories based on scientific
validity, clinical utility, and actionability.
A third approach uses an independent, mul-
tidisciplinary clinical oversight committee to
act in an advisory capacity. However, all three
are complicated in paediatric research by the
exercise of parental authority and choice over
health decisions concerning their children.20

RELEVANT LAWS

Finally, although not specific to genetic
information, a recent overview of laws and
policies underscored the lack of guidelines
specific to the paediatric research context.21

The authors identified a number of issues
that need to be included: more transparency
on the return of general research results; the
need to distinguish between therapeutic
(actionable) results and those that are
of unknown clinical significance; the need
to consider the specific condition and context
of the study; and the mode, timing and
delivery of validated research results.

Return of whole-genome sequencing results in paediatric research
BM Knoppers et al

4

European Journal of Human Genetics



To this, we could add the need to inform
parents of any policy concerning future
recontact (or not), as well as the possibility
of communicating a change of interpretation
of any results or findings during childhood.

It is against this international background
on research and genetic testing involving
children that the recommendations of the
P3G Paediatric Platform on the communica-
tion of WGS should be situated.

RECOMMENDATIONS

We propose the following recommendations
for sharing WGS results as being in the best
interests of the child:

1. The issue of the possible return (or not) of
WGS results should be discussed during
the informed consent process.

2. During the consent/assent process, the
child’s or adolescent’s views should be
solicited and given due weight and
consideration in accordance with his or
her age and maturity.

3. WGS results that are scientifically valid,
clinically useful, and reveal conditions that
are preventable and actionable during
childhood should be offered.

4. Mutations that predispose the child to
develop an adult-onset disorder, even if
accidentally discovered in the research
process, generally should not be returned.
This allows the child to make his or her
own decision about receiving the results as
an adult.

5. Questions, which should arise rarely, of
whether the child would benefit, on bal-
ance, from disclosure because of the
potential benefit to the family from know-
ing about a highly penetrant gene they
may have that poses serious risk to health
and that is preventable or treatable, should
be assessed on a case-by-case basis.

This is a cautious approach and WGS may
well become routine one day, perhaps even at

birth. We have avoided defining scientific
terms such as ‘validity’, ‘utility’ or ‘preven-
tion’ believing them to be the purview of
professional societies and scientific analysis.
The aim is to not only provide a flexible
approach for practice but also to recognize
the need for clinical judgment22 as concerns
both WGS and future advances. When
countries begin to introduce WGS as a
routine paediatric diagnostic tool for more
precise and earlier diagnosis and treatment,
both the duties of researchers and the
standard of care will be clarified. Till then,
vulnerable children should not be caught
up in the current web of uncertainty
surrounding the return of WGS results.
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